Abstract
Background
Cardiovascular disease is the leading cause of mortality in patients with type 2 diabetes mellitus. The rigorous control of glycemia can delay but not prevent vascular complications, which are probably related to many other poorly controlled atherogenic factors, such as obesity, hypertension, hyperlipidemia, insulin resistance, oxidative stress, accelerated aging, disturbances in coagulation and fibrinolysis [1] .
Open Access
Diabetology & Metabolic Syndrome Although metformin has been confirmed as the first line option to treat diabetes, troublesome gastrointestinal intolerance sometimes precludes its use [2] .
Rosiglitazone and nateglinide are drugs that differ in their primary mechanism of action and have been previously considered in type 2 diabetes treatment.
The thiazolidinedione rosiglitazone, a peroxisome proliferator activated receptor gamma (PPARγ) agonist, is an insulin sensitizing agent that improves glycaemic control and a variety of other metabolic disturbances in patients with type 2 diabetes. However, besides weight gain, it promoted fluid retention and heart failure [3] [4] [5] . The increased risk of acute myocardial infarction and a trend towards increased mortality with the drug brought concern about the safety of rosiglitazone, prompting its withdrawn of the market.
Another alternative option to therapy can be the insulin secretagogue nateglinide [6] that is a derivative of phenylalanine and structurally distinct of sulphonylureas, which also had raised concern over their potential adverse effects in the event of ischemic heart disease. Nateglinide's interaction with sulpnhonylurea receptor (SUR1), a subunit of the ATP sensitive potassion channel (K ATP ) on plasma membrane is fleeting, favoring a rapid onset and short duration of insulin secretion, providing post-prandial glucose control with less hypoglycemia and weight gain [6, 7] . The promotion of glucagon like peptide 1-(GLP-1) release from intestinal L cells may be another important mechanism by which nateglinide restores early-phase insulin secretion and regulates postprandial glucose metabolism [8] . However, this effect could be due to improvement in glucose levels and deserves confirmation.
Furthermore, nateglinide has little binding to the vascular muscle and cardiac SUR2 receptors [9] suggesting that it could be a good and safe option to new diagnosed type 2 diabetes. However there are few and contradictory reports of nateglinide effects on cardiovascular function [10] [11] [12] [13] [14] and inflammatory markers, many of them comparing nateglinide to placebo, difficulting to separate the impact of improvement of glucose control on the obtained results. Also, the influence of nateglinide on glucagon secretion is poorly known.
To the best knowledge of nateglinide effects we conducted this study comparing the effects of nateglinide with rosiglitazone on glucose and lipid profile, but also on several parameters still not well characterized like pancreatic alpha and beta cells response to diet, the incretin hormone GLP-1, inflammatory markers, and haemostatic factors. The purpose of the current study was also to ascertain whether anti-diabetic agents with different primary mechanisms of action targeting the two main pathophysiological defects of type 2 diabetes would have different effects on these parameters and if they were independent of glucose control.
Methods

Subjects
A prospective study was performed in 22 patients with type 2 diabetes according to ADA criteria [2] , 16 F:6 M, mean age 51.2 ± 8.05 years, IMC = 27.9 kg/m 2 and diabetes duration of 1.9 ± 2.1 years that were treated with dietary intervention in the previous 2 months.
Study design
Participants were randomly assigned to receive either nateglinide (nateglinide group) or rosiglitazone (rosiglitazone group). The rosiglitazone dosage was titrated in order to achieve fasting glucose levels lower than 7.0 mmol/L using domiciliary capillary glucose measurements. Nateglinide was administrated in a fixed dose three times a day. After 4 months, the patients were crossed-over after 8-week washout period to the alternative treatment for an additional 4-month period on a similar dosage schedule. Subjects were followed on an outpatient basis every 1-2 weeks for drug and weightmaintaining diet adjustments throughout the study period. The clinical characteristics of the patients are depicted in Table 1 . At the time of entry, a complete history, physical examination, and laboratory evaluation including urinalysis, renal, hepatic and thyroid function tests, serum lipid and electrolytes levels and ECG were obtained for all subjects. None of the patients exercised on a regular basis. Exclusion criteria included any severe concomitant illness, uncontrolled hypertension (blood pressure > 190 × 120 mmHg), marked dyslipidemia and use of hypolipemic and anticoagulant medications. No subjects had any acute concurrent illness.
The Medical Ethics Committee of Hospital das Clínicas da Faculdade de Medicina da Universidade de São Paulo approved the study protocol and all subjects gave written informed consent.
Study protocol
The patients were instructed to follow similar food intake and to abstain from use of tobacco, alcohol, coffee and any physical activity 24-h before the test days. The following procedures were performed before (basal values) and after each 4 months treatment period (nateglinide or rosiglitazone groups): (1) hormonal and metabolic determinations: a test with a standardized 500-kcal mixed breakfast tolerance test (60 % carbohydrate, 20 % fat and 20 % protein) for 5 h including frequent plasma or serum measurements (at times 0, 15, 30, 45, 60, 120, 180, 240 and 300 min) of glucose, insulin, glucagon, proinsulin, GLP-1, free fat acids (FFA), and triglycerides levels was performed after 12 h fasting. The fasting lipid profile and HbA 1 levels were also measured. (2) Haemostatic and inflammatory markers: fasting blood fibrinogen, plasminogen activator inhibitor (PAI-1) activity, C reactive protein (CRP), Interleukin 6 (IL-6), tumor necrosis factor alfa (TNFα), leptin, intercellular adhesion molecule-1 (sICAM), transforming growth factor beta (TGFβ) levels and platelet aggregation. (3) Cardiovascular evaluation: 24-h blood pressure monitoring.
Biochemical and hormonal analysis
Glucose levels were determined by the glucose oxidase/ peroxidase method (Labtest, São Paulo, Brazil) and glycated hemoglobin (HbA1c) by HPLC (National Glyco Hemoglobin Standardization Program, USA. Triglyceride levels were measured by the lipase/glycerol kinase method (Labtest, São Paulo, Brazil) and total cholesterol (total-C) by the cholesterol oxidase/peroxidase method. HDL-cholesterol (HDL-C) was separated using the phosphotungstic acid/Mg 2+ method and measured by oxidase/ peroxidase method. LDL-cholesterol (LDL-C) was estimated by Friedewald equation. Free fat acids (FFA) were measured utilizing enzymatic colorimetric method (Wako Chemicals USA, INC). A double-antibody radioimmunoassay was used to measurements of. insulin, proinsulin, glucagon (Linco Research, St. Louis, MO, USA) and total GLP-1 (Millipore Corporation. Billerica, MA) Intraassay and interassay CVs for hormonal analyses were 6.8 and 9.6 % for insulin; 4.4 and 6.5 % for glucagon; 5 and 5.3 % for proinsulin and <5 % for GLP-1. Circulating levels of Il-6, TNF-α, leptina, sICAM, TGF beta and CRP were measured with high sensitivity ELISA kits (R&D Systems). The samples of each patient were analyzed in the same assay. Intra-assay CV were <8 % for Il-6, TNF-alfa and leptin and <4.5 % for sICAM, TGF-β and CRP.
Haemostatic factors were measured using the same assay for each patient. Fibrinogen was determined by the CLAUSS method [15] with Fibriquick Assay, Sigma, USA. The plasminogen activator inhibitor (PAI-1) activitiy was determined by quantitative assays (Chromolize ™ PAI-1, Biopool, Umea, Sweden); The intra-assay CVs were 8 and 3.7 %, respectively. Platelet aggregation was also determined [16] .
Systolic and diastolic blood pressure (BP) values were assessed by 24-h ambulatory BP monitoring in all patients every 20 min from 8.00 a.m. to midnight, and every 30 min from midnight to 8.00 a.m. in the following day.
All analyses were done in duplicate.
Statistical analysis
Numerical data were reported as mean and standard deviation or median and percentile. Differences (95 % CI) between treatment groups were initially tested for treatment-time interaction [17] and then compared by Mann-Whitney tests. Baseline and post-treatment differences between the nateglinide and rosiglitazone groups were compared by Mann-Whitney tests. Wilcoxon matched pairs tests were performed to compare the differences in clinical and biochemical measurements for each group before and after the four months of therapy. The responses to the standardized 500-kcal mixed breakfast tolerance test were analyzed by the area under the curve using the trapezoidal rule and by Wilcoxon test for every time for the 5 h duration. Graphical representations are as mean and standard error. Statistical analysis was performed using Prisma software (version 10.1, SPSS Inc., Chicago). In all cases a p < 0.05 was considered statistically significant.
Results and discussion
Results
No treatment period interaction effect was demonstrated; hence the values from each treatment periods were analyzed together. Two patients that started with rosiglitazone did not finished the nateglinide period due to a worsening in diabetes control. The final analysis comprised 20 patients on rosiglitazone and 20 patients on nateglinide.
Anthropometric, biochemical, hormonal and haemostatic factors measurements
There were no significant differences (p > 0.05) in baseline clinical and biochemical measurements of those patients randomized to nateglinide or rosiglitazone (Table 1) .
HbA1 levels fell (nateglinide-p = 0.032; rosiglitazonep = 0.036) equally in both treatment groups (p = 0.91). Proportions of patients achieving an endpoint HbA1c of <7 % were similar for nateglinide (60 %) and rosiglitazone (75 %) groups p = 0.5.
The total and incremental areas under the curve (AUC) during the standardized diet tolerance test were analyzed. Both treatments caused a similar decrease in total and incremental prandial glucose AUCs (Table 2) .
However, there were significant between-treatment difference for the following parameters: rosiglitazone decreased glucose levels significantly at all times of the curve, including fasting, whereas nateglinide decreased mainly the post prandial glucose levels (Fig. 1) .
The initial insulin response to a meal was anticipated and augmented with nateglinide treatment (Fig. 1) . Nateglinide also increased the prandial insulin (total and incremental AUC) and pro-insulin (incremental AUC) responses and the insulinogenic index, whereas decreased both glucose/insulin and proinsulin/insulin ratios (total and incremental) Table 2 .
On the contrary, rosiglitazone decreased insulin (incremental) and proinsulin (total) AUCs and increased HOMA beta. Comparing both groups, rosiglitazone treatment caused lower total (p = 0.012) and incremental (p = 0.005) insulin AUC, incremental (p = 0.023) pro-insulin AUC and insulinogenic index (p = 0.002), but higher incremental glucose/insulin ratio AUC (p = 0.042) Table 2 .
Considering lipids, Rosiglitazone decrease prandial FFA (total AUC) and triglyceride (incremental AUC) ( Table 2 ; Fig. 2 ), whereas nateglinide decreased fasting LDL-cholesterol levels ( Table 1) .
Only rosiglitazone decreased PAI-1 activity, fibrinogen, PCR and TGF-β levels ( Table 1) .
There was no significant effect of either of the therapies on glucagon or GLP-1 AUCs (Table 2 ; Figs. 1, 2) or on HOMA IR, fasting IL-6, leptin, s-ICAM, TNF alpha and HDL cholesterol levels ( Table 1) .
Weight and waist/hip ratio did not change after 4 months of both treatments.
Twenty-four hour ambulatory blood pressure monitoring
Neither therapy changed 24-h systolic and diastolic blood pressure measurements.
Discussions
This clinical, prospective, randomized, crossover study compared the effects of two different classes of drugs (rosiglitazone, an insulin sensitizer, and nateglinide, an insulin secretagogue) in type 2 diabetes patient. We evaluated the same patient under basal conditions, i.e., while hyperglycemic without medications, and again after 4 months of treatment with nateglinide or rosiglitazone. The major aims of this strategy was to minimize the influence of metabolic control on the specific drug effect. Despite similar improvements on glucose control, changes on lipid profile, insulin response and inflammatory markers were different with therapies.
Both treatment groups achieved similar and significant mean decreases from baseline in plasma glucose and fasting HbA1c levels. Proportions of patients achieving an endpoint HbA1c of <7 % were similar for nateglinide and rosiglitazone groups. Initial insulin response to the 5 h standardized 500 calories breakfast was augmented only with nateglinide treatment. The higher insulin and proinsulin levels, observed during nateglinide therapy, are in line with reports of its stimulatory effects on beta cells function, favoring a quick onset and short duration of insulin secretion, contrasting with the rosiglitazone's sparing effects on beta cells function [3, 6, 7] . As expected, nateglinide anticipated the insulin peak response, improving mainly post-prandial glucose levels whereas rosiglitazone decreased glucose levels significantly at all times of the curve (Fig. 1) .
Similar results were seen with proinsulin levels during the meal test: increased with nateglinide and decreased with rosiglitazone.
So, both treatment affected beta cell function. Despite increasing insulin secretion, the pro-insulin/insulin area under the curve ratio during the 5 h of the breakfast decreased during nateglinide treatment, suggesting that it improved previous secretory dysfunction of beta cells, contrasting with the worsening in beta cells function usually reported to sulphonylureas [18] . The increase in insulin secretion could not be accounted for by changes in body weight-it was unaffected in both groups, probably because of the short duration of post prandial insulin secretion during nateglinide therapy, the frequent ambulatory visits and nutritional counseling of the patients. There was no complains of hypoglycemia with both treatments.
Rosiglitazone also improved beta cells function, attested by the increase in HOMA-B value. Despite causing lower prandial insulin response, rosiglitazone kept total and incremental glucose AUC at similar levels when compared with nateglinide.
Overall changes on plasma lipids levels were different with therapies. Only rosiglitazone decreased post-prandial FFA and of triglycerides levels, both of which probably accounted to the observed amelioration of beta cell function (HOMA-B) and of insulin resistance, reflecting on the glucose-lowering action of rosiglitazone. Fig. 1 Test with a standardized 500 calories mixed breakfast for 5 h: blood glucose, insulin, proinsulin and glucagon levels. N1 and N2 before and after 4 months of nateglinide therapy. R1 and R2 before and after 4 months of rosiglitazone therapy. Hatched area data of normal controls. Data were analyzed by the area under the curve using the trapezoidal rule and by Wilcoxon test for every time for the 5 h duration (p < 0.05) By the other side, nateglinide decreased fasting cholesterol levels, that were lower than with rosiglitazone treatment (p = 0.04).
Small changes in lipid metabolism were expected, and previous reports have also been light [3] [4] [5] [6] . The near normal triglyceride and cholesterol levels of our patients Triglycerides (mg/dL) Fig. 2 Test with a standardized 500 calories mixed breakfast for 5 h: blood glucagon like peptide-1(GLP-1), free fat acids (FFA) and triglyceride levels. N1 and N2 before and after 4 months of nateglinide therapy. R1 and R2 before and after 4 months of rosiglitazone therapy. Hatched area: data of normal controls. Data were analyzed by the area under the curve using the trapezoidal rule and by Wilcoxon test for every time for the 5 h duration (p < 0.05)
